In this study, a new, simple and specific stability indicating ion-pair LC method was developed and fully validated for the determination of asenapine in tablets. The analysis was performed on an Agilent Eclipse XDB-C8 column (4.6 x 150 mm, 3.5 µm particles) at 30˚C. A mixture of phosphate buffer (pH 3, 20 mM) containing 10 mM 1-heptane sulfonic acid and acetonitrile, (60:40, v/v) at a flow rate of 1 mL min -1 was used as mobile phase. Detection was performed by a diode array detector at 220 nm. The developed method was validated according to related ICH guideline and US Pharmacopeia and it was suitable in terms of accuracy, precision, specificity, robustness and stability. The method was linear in the concentration range of 0.5-100 µg mL -1 . Limit of detection and limit of quantification values were calculated as 0.0836 µg mL -1 and 0.2788 µg mL -1 , respectively. This ion-pair LC method was applied successfully for the determination of asenapine in its sublingual tablets.
INTRODUCTION
The antipsychotics are a group of drugs that are used for the treatment of schizophrenia and other psychotic disorders 1 . Asenapine (ASE) is an atypical antipsychotic agent used in the treatment of schizophrenia, affecting its positive symptoms (auditory hallucinations, disorganized thoughts and delusions), negative symptoms (social withdrawal, lack of motivation) and cognitive dysfunction (disorganized thinking, memory impairments). It is also effective in treating bipolar disorder during manic and mixed episodes. ASE has been commercially available in sublingual tablet form in USA since 2009 and in Europe since 2010 [2] [3] [4] . ASE, (Figure 1 ), (3aRS,12bRS)-5-Chloro-2-methyl-2,3,3a,12b-tetrahydro-1H-dibenzo [ 2,3:6,7] oxepino [4,5-c] pyrrole (2Z)-2-butenedioate (1:1) 5 , has a different receptor interaction profile compared to other antipsychotics. It has affinity on serotonin receptors (5-HT 1A , 5-HT 1B , 5-HT2A, 5-HT 2B , 5-HT 2C , 5-HT 5 , 5-HT 6 and 5-HT 7 ) , dopamine receptors (D 1 , D 2 , D 3 and D 4 ), adrenergic receptors (α 1 and α 2 ), histamine (H 1 ) receptors and also moderate affinity on histamine (H 2 ) receptors. ASE has antagonistic effect on all these receptors 6 . 17 . Chhalotiya et al. 19 developed the only stability indicating HPLC method for ASE analysis in bulk and pharmaceutical formulations whereas other HPLC method doesn't include even any data about the stability of the analyte 18 . The proposed method has several advantages over these HPLC methods like better quantification using an internal standard (IS), better peak efficiency (theoretical plate number of 12040, instead of 3805 and 5061) and high upper limit of linearity range.
In this study, the aim is to develop a new, simple and sensitive fully validated stability indicating HPLC method for the determination of ASE in its tablets.
EXPERIMENTAL
Material and Reagents ASE maleat and carbamazepine (CBZ) were purchased from Sigma Aldrich (India). All solvents used in this study were of HPLC grade (Sigma Aldrich, Germany). Hydrochloric acid was obtained from Sigma Aldrich (Germany). Sodium hydroxide, hydrogen peroxide, 1-heptane sulfonic acid, phosphoric acid and potassium dihydrogen phosphate were purchased from Merck (Germany). Sycrest 10 mg sublingual tablets (MSD) were obtained from Lundbeck (Germany).
Instrumentation and Chromatographic Conditions
A HPLC system (Agilent 1290 Infinity, Germany) consisted of a binary pump, a degasser, an auto sampler, a thermostated column compartment and a diode array detector was employed for this study. Separation was performed on an Agilent Eclipse XDB-C8 column (4.6 x 150 mm, 3.5 µm particles) at 30˚ C. A mixture of phosphate buffer (pH 3, 20 mM) containing 10 mM 1-heptane sulfonic acid and acetonitrile (60:40, v/v) was used as mobile phase at a flow rate of 1 mL min -1 . Injection volume was set at 5 µL and ASE was detected at 220 nm.
Preparation of Standard Solutions
A stock solution of ASE (1 mg mL -1 ) was prepared in methanol and serially diluted with methanol to obtain working standard solutions in the concentration range of 0.5-100 µg mL -1 . An IS solution of CBZ (1.28 mg mL -1 ) was prepared in methanol and used at a fixed concentration of 16 µg mL -1 . Stock solutions and standards were kept at 4 o C.
Method Validation
The proposed method was validated according to ICH guideline and USP [21] [22] by evaluating the parameters of linearity, limit of detection (LOD) and limit of quantification (LOQ), accuracy and precision, stability, specificity and robustness. Calculations were performed using GraphPad Prism 6 and Microsoft Excel softwares.
Working standard solutions of ASE were prepared in the range of 0.5-100 µg mL -1 for three days and linearity was evaluated by linear regression analysis using the least squares regression method.
Three different solutions of ASE (0.5, 10 and 100 µg mL -1
) were prepared and analyzed in seven independent series on the same day and on three consecutive days to evaluate the precision of the method as repeatability (intra- ASE, formulated as sublingual tablets, is highly metabolized after oral administration. It has approximately 38 metabolites which are not clinically effective. Its peak plasma concentration (C max ) is 4 ng mL -1 and the time to reach this concentration (T max ) is about 1 hour. ASE is extensively bound to serum proteins with a binding rate of 95% 7 
.
In the literature, the methods were mostly developed for the analysis of ASE in different biological fluids (serum, plasma, whole blood, urine, hair and nail samples). These methods include liquid chromatography 8 , liquid chromatography-mass spectrometry [9] [10] [11] [12] [13] [14] and gas chromatography-mass spectrometry 15 . There are limited number of methods that aim to determine ASE in bulk and pharmaceutical dosage forms. These methods are titrimetry 16 , UV spectrometry 17 , HPLC [18] [19] and HPTLC methods
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day) and intermediate precision (inter-day).
The accuracy of the method was determined by analysis both quality control samples prepared using a standard ASE solution and a solution of synthetic inactive ingredients (matrix) spiked with different known concentrations of ASE (within the calibration range). The matrix solution was prepared in methanol using common tablet excipients such as hydroxypropyl methyl cellulose (8 %), lactose monohydrate (71 %), magnesium stearate (1 %), polyethylene glycol 4000 (6 %), povidone (6 %), maize starch (6 %), talc (1 %), titanium dioxide (1 %). Standard ASE solutions were prepared at three concentrations (0.5, 10 and 100 µg mL ) were subjected to stress by treatment with 0.1 M HCl, 0.1 M NaOH and 3 % H 2 O 2 at both room temperature and 60 o C for different times (15, 30, 45 , 60, 90 and 120 min) and analyzed to evaluate the specificity of the method. The samples were injected for HPLC analysis after dilution to 5 µg mL -1 . The robustness of the method was studied in triplicate for a concentration of 10 µg mL -1 , by making deliberate modifications in pH value, percentage of organic phase, buffer concentration, ion pair reagent concentration, detection wavelength and mobile phase flow rate. The effect of these changes on the results was examined and the system-suitability data for ASE were calculated for each variation.
The stability of standard solutions of ASE was evaluated under different conditions by triplicate analysis of solutions at two concentrations, 10 and 100 µg mL -1 . For short-term stability, standard solutions of ASE were stored at room temperature for 24 h. Long-term stability was assessed after storage of the solutions in a freezer at −20°C for 2 weeks. To test freeze and thaw stability, ASE solutions were stored at −20°C for 24 h and thawed to room temperature three times and then analyzed.
Sample Preparation Sycrest ® sublingual tablets (each containing 10 mg ASE) were weighed and powdered in a mortar. Methanol was added to a tablet content to dissolve the active material and it was sonicated for 10 min. Then, the solution was centrifuged at 5000 rpm for 10 min and the supernatant was diluted to obtain the concentrations in the available range of calibration studies.
RESULTS AND DISCUSSION

Method Optimization
An ASE solution at a concentration of 50 µg mL -1 was used during optimization studies and injection volume was set at 5 µL. Initial separations were performed on an Agilent Zorbax Eclipse Plus C18 column (4.6 x 100 mm, 3.5 µm particles). Mixtures that contain water, acetonitrile and methanol at different proportions were tested as mobile phase and a mixture of water and acetonitrile (60:40, v/v) was selected. For keeping the pH value of mobile phase stable and improving peak morphology, phosphate and acetate buffers were tested as mobile phase additives at different pH values (pH 3, 4, 5 and 6). Phosphate buffer (pH 3) was selected as an optimum buffer considering suitable retention time of ASE and the best results for system-suitability parameters (Figure 2 ). Analyzes were performed with mobile phases that contain phosphate buffer (pH 3) at different concentrations (10 mM, 15 mM, 20 mM and 25 mM). The theoretical plate of ASE peak increased with the increase of buffer concentration (Figure 3 ). The use of excessive buffer concentrations was avoided and 20 mM was chosen as an optimum buffer concentration to assure the stability of the column, and to minimize the cost of analysis.
Even after all these modifications on mobile phase, desired peak shape couldn't be obtained, therefore the ion-pair chromatography was used. For this purpose a column previously used in ion-pair chromatography was equipped to HPLC system and separations were performed on this Agilent Eclipse XDB-C8 column (4.6 x 150 mm, 3.5 µm particles). 1-heptane sulfonic acid (HSA) was chosen as ion-pair agent and added to mobile phase at different concentrations (5 mM, 10 mM and 20 mM). The best peak shape and systemsuitability parameters were observed with the mobile phase containing 10 mM HSA. Therefore a mixture of phosphate buffer (pH 3, 20 mM) containing 10 mM HSA and acetonitrile was used as mobile phase (60:40, v/v). Changes at column temperature didn't make a significant difference, so column temperature was set at 30˚C. 220 nm was chosen as detection wavelength because of high absorbance at this wavelength.
Chlorpromazine, carbamazepine (CBZ), bupropion and atomoxetine were tested as IS. CBZ was selected due to its retention time which is close to ASE and appropriate system-suitability parameters at optimized conditions. A chromatogram of ASE (50 µg mL -1 ) and CBZ (16 µg mL -1 ) at these optimum conditions is given in Figure 4 . ) at optimum conditions. Using these optimized conditions, the system-suitability data for ASE (10 µg mL -1 ) are presented in Table 1 . Good agreement was found when the results were compared with the recommended values 23 . 
Method Validation
Linearity of the method was investigated by analyzing three sets of calibration solutions (n=7) in the range of 0.5 to 100 µg mL -1 . Calibration curves were constructed using the peak area ratio of ASE to that of the IS, and applying a linear regression analysis. Good linear response was obtained over this concentration range for ASE as seen in Table 2 . The accuracy of the method was evaluated as percentage relative error [((found concentration-spiked concentration)/spiked concentration) x 100%], and precision was evaluated by determination of the coefficient of variation (CV %, RSD %, [SD/mean x 100]) at low, central and high concentrations in the linearity range. The acceptance criteria are no higher than 2% deviation from the nominal value for accuracy and no more than 2% RSD for precision 24 . Recovery was in the range of 98-101% for the drug substance and the drug product, and accuracy was much better than the acceptance criterion (Table 3-4) . The RSD values were also much better than the acceptance criterion, showing the precision of the method was good. The specificity of the method was determined by analysis of ASE solutions that were stored under different stress conditions. 25 µg mL -1 ASE solutions were subjected to stress by treatment with 0.1 M HCl, 0.1 M NaOH and 3 % H 2 O 2 at both room temperature and 60 o C. Samples were collected at different times (0, 15, 30, 45, 60, 90 and 120 minutes) and analyzed. Recovery (%) values of the samples collected after 120 minutes are given at Table 5 . No degradation peak which could interfere with ASE peak was observed, showing the specificity of the method. The stability studies were performed by analyzing ASE solutions after keeping them under different storage conditions. In all conditions recovery (%) values were in the range of 92-113% and low RSD values were obtained as seen in Table 6 . ASE standard solutions were therefore stable under all the conditions tested. The robustness of the method was evaluated after introducing small deliberate changes in chromatographic conditions, the recovery (%) was compared to optimum conditions and the system-suitability parameters such as retention time, plate number, tailing factor and resolution were calculated. Recovery (% ) values were in the range of 98-105% (Table 7 ) and no significant change was observed in retention times and system-suitability parameters, indicating the robustness of the method. 
Application of the Method to ASE Tablets
The developed method was applied for the analysis of ASE in its sublingual tablets. ASE content of a sublingual tablet was found as 10.42±0.06 mg (mean ± standard deviation, n=8). RSD (%) and recovery (%) values were 0.55% and 104.18%, respectively; these values are within the limits recommended in USP
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.
CONCLUSIONS
This ion-pair chromatography method is a rapid and simple way for the determination of ASE in pharmaceutical dosage forms. It is useful for the analysis at low concentrations and it allows the determination of ASE in a wide concentration range. It is an inexpensive stability indicating method and the HPLC system used can be found in most of the analysis laboratories. The proposed method was fully validated and applied to tablet analysis successfully. As a result, the developed method can be proposed for use in routine analysis laboratories and quality control purposes.
